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Description 
METHOD OF FORMING A VARACTOR 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method of forming a 
varactor, and more particularly, to a method of forming a 
varactor having a PN junction. 

[0003] 2. Description of the Prior Art 

[0004] | n modern information business, all kinds of data, infor- 
mation, video, and so on are all transmitted electronically. 
A processing circuit for dealing with electronic signals 
thus becomes the most important foundation of modern 
information business. For example, in common informa- 
tion systems (such as a personal computer), a global clock 
is required to coordinate all digital circuits in the systems, 
so an oscillator for generating clock is an indispensable 
circuit block for modern digital circuits. In addition, to 
synchronize circuits with different clocks, phase loop lock 
(PLL) circuits are needed, and a precise voltage-controlled 



oscillator (VCO) is essential for the PLL to generate differ- 
ent frequencies of signals. Furthermore, in some precise 
filters, resistor-capacitor (RC) filters, in which filter fre- 
quency can be adjusted, are utilized frequently. 

[0005] with filter characteristics of an RC filter and oscillation 
characteristics of an inductor-capacitor (LC) oscillator, it 
is possible to adjust each of them by modifying the ca- 
pacitance value. Numerous varactors have been developed 
and are successfully employed in integrated circuits to 
provide variable capacitance values. For example, it is 
known to employ PN diodes, Schottky diodes or metal- 
oxide semiconductor (MOS) diodes as a varactor in bipolar 
junction transistors (BJTs), complementary metal-oxide 
semiconductor (CMOS) transistors and BiCMOS transistors. 

[0006] Referring to Fig.l, Fig.l is a cross-sectional diagram of a 
PN diode varactor according to the prior art. As shown in 
Fig.l, a substrate 10 includes an N-type ion well 12, and a 
plurality of isolation structures 14, such as field oxide 
layer or shallow trench isolation, on surfaces of the N- 
type ion well 12 and the substrate 10. The isolation struc- 
tures 14 define a plurality of predetermined regions on 
the N-type ion well 12 to form at least an N-type doping 
region 16 and a P-type doping region 18, thus completing 



a diode structure having a PN junction. When the diode is 
reverse-biased, a depletion region occurs in the PN junc- 
tion of the diode and acts as a dielectric, so that the N- 
type doping region 16 and the P-type doping region 18 
separated by the dielectric form an equivalent capacitor. 
With an adjustment in the voltage across the anode (the 
P-type doping region 18) and the cathode (the N-type 
doping region 16) of the diode, a width of the depletion 
region varies to change the equivalent capacitance of the 
varactor. 

[0007] At least a mask is usually needed in the prior art method 
to define the positions of the N-type doping region 16 
and the P-type doping region 18, so that different con- 
ductivity types of dopants can be used to adjust the dop- 
ing concentrations of the N-type doping region 16 and 
the P-type doping region 18 to improve a quality factor of 
the varactor. A distance between the anode and the cath- 
ode of the varactor spans the P-type doping region 18, 
the N-type ion well 12 and the N-type doping region 16. 
Since the doping concentration of the N-type ion well 12 
is not high, the resistance between the anode and the 
cathode of the varactor is increased to affect its electrical 
performance. In order to develop varactors having higher 



qualities to be employed in IC elements such as oscillators 
and filters, it is an important issue for the industry to im- 
prove the tunability, the quality factor, and the capaci- 
tance-voltage linearity of the varactors without increasing 

the complexity of the manufacturing process thereof. 
Summary of Invention 

[0008] it is therefore an object of the claimed invention to pro- 
vide a method of forming a varactor to improve the elec- 
trical performance thereof. 

[0009] According to the claimed invention, an ion well of a first 
conductivity type is formed on a substrate and a plurality 
of isolation structures are formed on the ion well. The 
isolation structures define at least an active area on the 
ion well. Following that, ions of the first conductivity type 
are implanted into the ion well to form a doping region 
within the active area. A doping layer of a second conduc- 
tivity type is then formed on the substrate to cover por- 
tions of the doping region. A salicide layer is formed on 
the doping region and the doping layer. 

[0010] it is an advantage of the present invention that the doping 
region of the first conductivity type and the doping layer 
of the second conductivity positioned above the doping 
region form a PN junction of the varactor. Therefore, it is 



not necessary for the present invention to use an extra 
mask to define the positions of the doping region and the 
doping layer, and to perform the doping processes of the 
doping region and the doping layer with the extra mask. 
In this case, at least a mask and its corresponding doping 
processes can be saved in the present invention, and a 
distance between the anode and the cathode of the varac- 
tor can be effectively shortened to improve the quality 
factor and the electrical performance according to the 
present invention. In addition, the present invention may 
further adjust the doping concentration of the doping re- 
gion to be higher than the doping concentration of the ion 
well. In this case, a depletion region occurred in the PN 
junction is expanded from the surface of the doping re- 
gion with the higher doping concentration toward the un- 
derneath ion well with the lower doping concentration, 
thus providing better capacitance-voltage linearity and 
higher tunability. 
1 ] These and other objects of the claimed invention will be 
apparent to those of ordinary skill in the art after reading 
the following detailed description of the preferred em- 
bodiment that is illustrated in the various figures and 
drawings. 



Brief Description of Drawings 

[0012] pig.l is a cross-sectional diagram of a varactor according 
to the prior art; 

[0013] pigs. 2-5 are schematic diagrams of a method of forming 
a varactor according to the present invention; 

[0014] pig. 6 is a top view of a varactor according to the present 
invention; 

[0015] Fig. 7 is a correlation diagram between a depth and a dop- 
ing concentration of a varactor according to the present 
invention; and 

[0016] Figs. 8-15 are schematic diagrams of a method of form- 
ing a CMOS transistor and a varactor according to the 

present invention. 
Detailed Description 

[0017] Referring to Figs. 2-5, Figs. 2-5 are schematic diagrams 
of a method of forming a varactor according to the 
present invention. As shown in Fig. 2, a substrate 20 is 
provided. The substrate 20 includes an N-type ion well 
22, and a plurality of isolation structures 24, such as field 
oxide layer or shallow trench isolation, positioned on sur- 
faces of the N-type ion well 22 and the substrate 20. The 
isolation structures 24 define at least an active area A for 



forming an anode and a cathode of the varactor on the ion 
well 22. Following that, dopants with the same conductiv- 
ity type as the ion well 22 are used to form an N-type 
doping region 26 within the active area A, the N-type 
doping region 26 being used as a bottom electrode 
(cathode) of the varactor. In a better embodiment of the 
present invention, the substrate 20 further includes at 
least a buried N-type doping region (not shown) posi- 
tioned below the ion well 22 to lower the resistance of the 
doping region 26 and the ion well 22. In addition, a dop- 
ing concentration of the doping region 26 is suggested to 
be higher than a doping concentration of the ion well 22. 
For example, processes of forming the varactor can be 
combined with processes of forming a CMOS transistor 
according to the present invention. In this case, a doping 
process can be used to form the doping region 26 to- 
gether with a lightly doped drain of an NMOS transistor, 
and another doping process can be used to form the N- 
type ion well 22 together with an N-type ion well of a 
PMOS transistor. In other embodiments of the present in- 
vention, the ion well 22 can be a P-type ion well, and the 
doping region 26 can be a P-type doping region, too. 
[0018] As shown in Fig. 3, a deposition process is then per- 



formed followed by a doping process, thus forming a 
doping layer 28 of a conductivity type different from the 
conductivity types of the ion well 22 and the doping re- 
gion 26 on the substrate 20. The doping layer 28 is used 
as a top electrode (anode) of the varactor. In a better em- 
bodiment of the present invention, the ion well 22 and the 
doping region 26 are N-type doping regions, the doping 
layer 28 is a P-type doping layer, such as a P-type epitax- 
ial layer made of silicon, silicon germanium, or a compos- 
ite of silicon and silicon germanium with a thickness of 
about 1000-1500 angstroms, or the doping layer 28 can 
also be a doped P-type polysilicon layer with a thickness 
of about 2000-3000 angstroms. In other embodiments of 
the present invention, the ion well 22 and the doping re- 
gion 26 can be P-type doping regions, the doping layer 
28 is an N-type doping layer, such as an N-type epitaxial 
layer made of silicon, silicon germanium, or a composite 
of silicon and silicon germanium, or the doping layer 28 
can also be a doped N-type polysilicon layer. 
[0019] As shown in Fig. 4, an ion implantation process is per- 
formed to implant P-type ions (or N-type ions) into the 
doping layer 28 to adjust the resistance of the doping 
layer 28. As shown in Fig. 5, a salicide block (SAB) 30 is 



formed to cover portions of the doping layer 28 atop the 
doping region 26, thus preventing the PN junction be- 
tween the doping layer 28 and the doping region 26 from 
being destroyed in a subsequent salicidation process. Fol- 
lowing that, a photolithographic process and an etching 
process are selectively performed to remove portions of 
the doping layer 28 and define the pattern of the doping 
layer 28. Finally, a salicide layer 32 is formed on surfaces 
of the doping layer 28 and the doping region 26 to reduce 
the contact resistance of the anode and the cathode of the 
varactor, thus completing the fabrication of the varactor. 
As shown in Fig. 6, a top view of the varactor indicates 
that the doping layer 28 partially covers the doping region 
26, so as to reserve the space for forming the salicide 
layer (the regions marked oblique lines) to connect with 
other wires. 

[0020] Referring to Fig. 7, Fig. 7 is a correlation diagram between 
a depth and a doping concentration of a varactor accord- 
ing to the present invention. As shown in Fig. 7, the var- 
actor has a higher doping concentration at the PN junction 
between the P-type doping layer (P+) and the N-type 
doping region (NW+NLDD) to obtain a higher capacitance 
per unit area. The capacitance per unit area of the varac- 



tor depends inversely on a width of the depletion region. 
When increasing the voltage supplied to the varactor, the 
width of the depletion region increases to expand the de- 
pletion region toward the N-type ion well (NW) having the 
lower doping concentration to obtain a lower capacitance 
per unit area. Therefore, the varactor of the present in- 
vention provides better capacitance-voltage linearity and 
higher tunability. 
[0021] Referring to Figs. 8-15, Figs. 8-15 are schematic dia- 
grams of a method of forming a CMOS transistor and a 
varactor according to the present invention. In a better 
embodiment of the present invention, the varactor is 
formed using a BiCMOS process to achieve the advantages 
of improving the electrical performance of the varactor 
without increasing extra masks or processing steps to the 
BiCMOS process. As shown in Fig. 8, a substrate 40 is 
provided. The substrate 40 includes a CMOS region I for 
forming at least a CMOS transistor, and a varactor region 
II for forming at least a varactor. In addition, the substrate 
40 may further include a BJT region (not shown) for form- 
ing at least a BJT. Subsequently, N-type dopants are im- 
planted into the substrate 40 to form a plurality of buried 
N-type doping regions 42 within the substrate 40. P-type 



dopants and N-type dopants are then implanted into the 
substrate 40, respectively, to form at least a P-type ion 
well 44 in the CMOS region I, at least an N-type ion well 
46 in the CMOS region I, and at least an N-type ion well 
48 in the varactor region II. 

[0022] a plurality of isolation structures 50, such as field oxide 
layer or shallow trench isolation, are formed on the sub- 
strate 40, thus defining an NMOS region on the P-type ion 
well 44, a PMOS region on the N-type ion well 46, and an 
active area for forming an anode and a cathode of the 
varactor on the N-type ion well 48. Following that, an ion 
implantation process is performed to form a buried P-type 
doping region 52 between the N-type ion wells 46 and 48 
to prevent leakage currents between the CMOS transistor 
and the varactor. 

[0023] As shown in Fig. 9, a thermal treatment is used to drive in 
ions of the N-type ion wells 46 and 48 to the buried N- 
type doping regions 42. In other embodiments of the 
present invention, another ion implantation process is se- 
lectively performed to form at least an N-type doping re- 
gion (not shown) in the N-type ion well 48 to connect with 
the underneath buried N-type doping region 42, func- 
tioning as a contact region of a bottom electrode of the 



varactor. However, the present invention may change lay- 
out designs of the varactor, for example use the top elec- 
trode to partially cover the bottom electrode (as shown in 
the top view Fig. 6 of the varactor). As a result, the bottom 
electrode of the varactor may reserve the space for form- 
ing the contact plug (salicide layer) to save the ion im- 
plantation process for forming the N-type doping regions 
as the contact region as mentioned above. 
[0024] As shown in Fig. 10, a gate 56 and a gate 58 are formed 
on surfaces of the ion wells 44 and 46, respectively. N- 
type dopants are then used to form two N-type lightly 
doped drains 60 on the P-type ion well 44 and an N-type 
doping region 64 on the N-type ion well 48. In a better 
embodiment of the present invention, the doping region 
64 is used as the bottom electrode of the varactor, and a 
doping concentration of the doping region 64 is higher 
than a doping concentration of the ion well 48. Subse- 
quently, P-type dopants are used to form two P-type 
lightly doped drains 62 on the N-type ion well 46. As 
shown in Fig. 11, a spacer 66 is formed on both sides of 
the gate 56 and on both sides of the gate 58 followed by 
using N-type dopants to form two N-type source/drain 
regions 68 on the P-type ion well 44, and using P-type 



dopants to form two P-type source/drain regions 70 on 
the N-type ion well 46, thus completing the fabrication of 
the CMOS transistor. 
[0025] As shown in Fig. 12, a protective layer 72 is formed on the 
substrate 40 and the protective layer 72 includes an 
opening 74 to expose the doping region 64. The protec- 
tive layer 72 is used to cover the CMOS transistor to facili- 
tate the fabrication of the top electrode of the varactor on 
the doping region 64. The protective layer 72 can be an 
oxide layer, a silicon nitride layer, or a composite layer 
composed of oxide, silicon nitride and other dielectric 
materials. 

[0026] As shown in Fig. 13, a deposition process and an in-situ 
doping process are performed to form a doping layer 76 
having different conductivity type from the conductivity 
types of the ion well 48 and the doping region 64. The 
doping layer 76 is used as the top electrode (anode) of the 
varactor to produce a PN junction between the doping 
layer 76 and the doping region 64. In a better embodi- 
ment of the present invention, the ion well 48 and the 
doping region 64 are N-type doping regions, the doping 
layer 76 is a P-type doping layer, such as a P-type epitax- 
ial layer made of silicon, silicon germanium, or a compos- 



ite of silicon and silicon germanium with a thickness of 
about 1000-1500 angstroms, or the doping layer 76 can 
also be a doped P-type polysilicon layer with a thickness 
of about 2000-3000 angstroms. In other embodiments of 
the present invention, the ion well 48 and the doping re- 
gion 64 can be P-type doping regions, the doping layer 
76 is an N-type doping layer, such as an N-type epitaxial 
layer made of silicon, silicon germanium, or a composite 
of silicon and silicon germanium, or the doping layer 76 
can also be a doped N-type polysilicon layer. 
[0027] Subsequently, an ion implantation process is performed to 
implant P-type ions (or N-type ions) into the doping layer 
76 to adjust the resistance of the doping layer 76. As 
shown in Fig. 14, a salicide block 78 is formed to cover 
portions of the doping layer 76 atop the doping region 
64, thus preventing the PN junction between the doping 
layer 76 and the doping region 64 from being destroyed 
in a subsequent salicidation process. Following that, as 
shown in Fig. 15, a photolithographic process and an 
etching process are selectively performed to remove por- 
tions of the doping layer 76 and define the pattern of the 
doping layer 76. Finally, a salicide layer 80 is formed on 
surfaces of the doping layer 76 and the doping region 64 



to reduce the contact resistance of the anode and the 
cathode of the varactor, thus completing the fabrication of 
the varactor. 

[0028] | n contrast to the prior art method of forming the varac- 
tor, the present invention uses the doping region (bottom 
electrode) positioned within the substrate and the doping 
layer (top electrode) positioned above the doping region 
to form the PN junction of the varactor. Therefore, it is not 
necessary for the present invention to use an extra mask 
to define the positions of the doping region and the dop- 
ing layer, and to perform the doping processes of the 
doping region and the doping layer with the extra mask. 
In this case, at least a mask and its corresponding doping 
processes can be saved in the present invention, and a 
distance between the anode and the cathode of the varac- 
tor can be effectively shortened to improve the quality 
factor and the electrical performance according to the 
present invention. In addition, the present invention may 
further adjust the doping concentration of the doping re- 
gion to be higher than the doping concentration of the 
underneath ion well. In this case, a depletion region oc- 
curred in the PN junction is expanded from the surface of 
the doping region with the higher doping concentration 



toward the ion well with the lower doping concentration, 
thus providing better capacitance-voltage linearity and 
higher tunability. 
[0029] Those skilled in the art will readily observe that numerous 
modifications and alterations of the method may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



